a Phenylpropynyl-functionalized imidazolium salts, as well as their gold complexes, were prepared in excellent yields affording suitable starting materials for metal cluster synthesis. The reactions of these gold complexes with coinage metal phenylacetylides [M(CCPh)] x (M = Cu, Ag) resulted in the formation of novel heterometallic hexanuclear clusters which exhibit mixed metallophillic interactions and intense white photoluminescence at low temperature.
1991. Nowadays, NHCs are widely used in organometallic synthesis to establish novel complexes, which can be investigated in terms of their catalytic 5, 6 or photophysical 7, 8 properties.
One particular advantage of NHCs is their broad variety as many different substituents can be attached to the nitrogen atoms. [9] [10] [11] [12] This allows for modification of the ligand with respect to its steric and electronic properties, as well as its denticity, and thus affects the range of applications. At the same time, research activity into the chemistry of gold has experienced a steep rise over the last decades, which has led to an increasing number of gold NHC complexes being investigated as catalysts 13, 14 for cyclization reactions, hydroamination or for their photophysical 15, 16 properties. Furthermore, gold complexes feature an unique phenomenon that is commonly known as aurophilicity. [17] [18] [19] This attractive d 10 -d 10 -dispersion interaction, in which the distance between two gold(I) ions is well below the sum of their van der Waals radii, is a special case of metal-metal bonds (metallophilicity), which is also observed for other metals like silver and mercury. [20] [21] [22] Therefore, multi-and heterometallic gold complexes are being thoroughly investigated for the influence of metallophilic interactions on luminescence, 23 and cooperative effects in certain catalytic steps. [24] [25] [26] Given our 7 and others' 27, 28 interest in polynuclear coinage metal complexes, we intended to extend our studies from phosphine-functionalized NHCs to alkynyl-functionalized carbene complexes aiming for the synthesis of heteronuclear clusters. A combination of gold-metal bonds, enabled by the relativistic effects of gold, and alkynyl groups attached to a carbene complex, should facilitate the synthesis of oligomeric or supramolecular coinage metal assemblies. 29 Although terminal alkynes can act as bidentate ligands through end-on and side-on coordination, we initially focused on phenyl-protected alkyne substituents, which should allow for side-on coordination of different metals through π-bonding.
Results and discussion
The reaction of 1H-mesityl-1H-imidazole with propargyl chloride/bromide in acetonitrile afforded the phenylacetylenesubstituted imidazolium salts 1 and 2 in almost quantitative yields (Scheme 1, Fig. S1 ‡). (1))-(AuCl)] (3) in good yields (Scheme 2). As this reaction was rather time-consuming and only allowed for the synthesis of the gold chloride derivative, the mild-base route was used as an improved synthetic procedure for the desired complexes. Since the anion of the deployed imidazolium salt finally occurs in the product, the [(NHC(1))(AuBr)] complex (4) could also be obtained from 2 in excellent yields. In the 1 H NMR spectra, the absence of any resonances above 8 ppm clearly indicates the successful deprotonation of the imidazolium salt and thus the generation of carbene complexes. This is supported further by the presence of singlets at 172.5 (3) and 175.7 (4) ppm in the 13 C{ 1 H} NMR spectra, which are in the typical range for NHC gold compounds.
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The proposed structures were further confirmed by FAB-MS and elemental analysis. Single crystal X-ray crystallography confirmed the structures. For 3, gold-carbene and gold-chloride bond lengths of 1.995(9) Å and 2.317(2) Å are observed, which is in the expected range for such complexes (Fig. 1) . 33 Furthermore, the gold atom is nearly linearly coordinated with a C1-Au1-Cl1 angle of 175.3(3)°. In compound 4 (Fig. 2) , the bond distances between the gold and the carbon atom (1.983 (4) Å) are similar to 3. With a C1-Au1-Br1 angle of 175.33(11)°, almost linear coordination geometry is also achieved in 4. Both compounds feature a weak intermolecular aurophilic interaction in the solid state, which is known as unsupported aurophilicity. 19 For 3 and 4, the Au1-Au2 distances are very similar at 3.5387(1) Å and 3.5636(1) Å respectively, which is in the upper range for aurophilic interactions and hence implies a weak bonding situation. In order to extend our studies on the reactivity of the ligand, two more complexes were synthesized. First, the same reaction as for 3 and 4 was conducted, but with only half an equiv. of [AuCl(tht)] leading to the charged bis-NHC-complex [(NHC (1) complexes in solution can be simply observed by 13 C NMR spectroscopy, which proved to be important for the reactions described below. The gold carbene distances are slightly increased to 2.014(3) Å compared to 3, whereas the bond length to C22 amounts to 1.985(4) Å. The C1-Au1-C22 bond angle of 175.63 (15)°only differs marginally from the ideal 180°( Fig. 3 ).
As it is well-known that copper, silver, and gold ions preferentially coordinate to alkynes via end-on σ-or side-on π-bonding, 
In the solid-state structure of compound 7 an inversion centre is located in the middle of the rhomboid spanned by Cu1-Au2-Cu1′-Au2′, whose angles were found to be Cu1-Au2-Cu1′ 109.21(2)°and Au2-Cu1-Au2′ 70.79(2)°. Hence, the Au 2 Cu 2 -unit is in a perfectly planar arrangement as the interior angles sum up to 360°. As can be seen in the structure, transfer of the alkynyl groups from copper to the gold atoms has taken place since every gold atom is attached end-on to the phenylacetylides with Au-C bond lengths of 2.004(5) Å (Au2-C30) and 2.028(5) Å (Au2-C38). On the other hand, the copper ions are now coordinated side-on by three alkynyl groups in an almost trigonal fashion, whereas the Cu-C distances vary between 2.071(5) Å and 2.815(2) Å. Consequently, every phenylacetylide unit acts as a bidentate bridging ligand between copper and gold and therefore, metal-metal interactions can be classified as semisupported interactions. 19 The structure can also be described as two molecules of 6 which enclose a tetranuclear [{(PhCC) 2 Au} 2 Cu 2 ] cluster. This is in good accordance with the resonance at 188.3 ppm in the 13 C{ 1 H} NMR spectrum. To the best of our knowledge, this is the first heteronuclear alkynyl cluster, which is surrounded by NHC complexes. The intermetallic distances between Au1-Au2 (3.4384 (5) Å) and Au2-Au2′ (3.3118(7) Å) clearly indicate metallophilic interactions, whose strength can be estimated to around 7.5-11.8 kJ mol −1 . 41 Also, mixed metal-metal contacts are present as shown by the moderately short Au2-Cu1 distances of 2.7920(9) Å and 2.9230(8) Å, which are much shorter than the sum of their van der Waals radii (3.06 Å) and in a similar region of comparable Au-Cu-Alkyne complexes. 20, 42 Surprisingly, no coordination of any metal to the NHC-alkynyl side chains could be observed. For the reaction with the silver derivative [Ag(CCPh)] x , after three days only a single resonance in the carbene region in the 13 C{ 1 H} NMR spectrum was observed at 188.7 ppm, which can again be ascribed to a complex similar to 6. By fractional crystallization, two products were identified by X-ray crystallo- attractive affinity between both metals and a certain degree of metallophilicity-driven structural architecture. 43 The photoluminescent (PL) properties of compounds 6 and 7 were investigated in order to ascertain the effect of metallophilic interactions in 7. Both compounds show very weak PL at ambient temperature, but emit bright blue and white light, respectively, at cryogenic temperatures below ∼100 K. In this regime, the PL of 6 and 7 is rather complicated as illustrated by the multi-band PL excitation (PLE) and emission spectra ( Fig. 6 and 7) . The emission of 6 is dominated by a vibronically structured band at ∼450 nm, which is effectively excited below ∼300 nm. The broad red emission at ∼700 nm is very weak by comparison. Their relative intensities are well illustrated by the PL excitation-emission map shown in Fig. S2 . ‡ In contrast, 7 manifests two major PL bands at ∼490 and ∼700 nm, which sum up to produce white luminescence. The PL of both compounds decays on a time scale of a few to tens of microseconds, depending on the emission wavelength (Fig. S3 ‡) .
The red phosphorescence in 7 -nearly absent in the structurally related complex 6 -may be attributed to low-energy excited states involving gold and copper atoms (of a chargetransfer or metal-localized character), i.e. to states associated with (intermolecular) metallophilic interactions. 21 Such interactions are absent in 6. Our inference that these interactions give rise to the red emission of 7 is supported by the following observation. This emission was found to increase in relative intensity by a factor of ∼10 after several months storage of 7 under ambient conditions in the dark (cf. a PL map in Fig. S4 ‡) . By contrast, no change of the PL properties was observed for co-stored complex 6. Some loss of co-crystallized dichloromethane molecules (see Crystallographic Table S1 ‡) is expected after such a long-term storage. This may lead to slight changes of the Au-Cu and Cu-alkynyl distances in a correspondingly 'dried' sample of 7 (while the same orange crystallite appearance is otherwise retained), accompanied by changes in the metallophilic interactions. In 7, this apparently results in more efficient energy transfer into/radiative relaxation from the low-energy excited states. Note that the above effect of solvent molecules is expected to be especially pronounced for intermolecular metallophilic interactions -as in complex 7. We also remark close analogy to the gold complexes demonstrating aggregation-induced bright emission in solid state (also attributed to intermolecular metallophilic interactions) -in contrast to their weak emission in a dilute solution.
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Conclusions
We prepared two alkynyl-functionalized imidazolium salts in excellent yields, which could be successfully converted to their corresponding homo-and heteroleptic gold complexes via a mild base route in very good yields. Post-functionalization of the complexes was achieved by the reaction with KOH and phenylacetylene to introduce a second alkyne group onto the gold atom. All compounds have been fully characterized by analytic, spectroscopic and X-ray techniques. By reaction with the copper and silver phenylacetylides, heterometallic hexanuclear coinage metal cluster were synthesized in which tetranuclear [((PhCC) 2 Au) 2 M 2 ] (M = Cu, Ag) units are embedded by NHC gold complexes for the first time. Closely related compounds 6 and 7 show, respectively, bright blue and white phosphorescence in the solid state at low temperatures. This spectral difference is due to a significant red emission contribution in 7. The origin of that emission can be attributed to intermolecular metallophilic interactions in 7 (absent in 6).
Experimental
General procedures
All manipulations were performed under rigorous exclusion of moisture and oxygen in flame-dried Schlenk-type glassware or in an argon-filled MBraun glovebox. Furthermore, for the most part the silver and gold compounds were handled with the exclusion of light by wrapping the compound-containing flasks in aluminium foil. Prior to use, CH 2 Cl 2 and MeCN were distilled under nitrogen from CaH 2 . Hydrocarbon solvents (THF, diethyl ether, n-pentane) were dried using an MBraun solvent purification system (SPS-800 The PL measurements were performed with a Horiba JobinYvon Fluorolog-322 spectrometer equipped with a closedcycle optical cryostat (Leybold) operating at ∼20-300 K. A Hamamatsu R9910 photomultiplier was used as the detector for the emission spectral range of ∼300-850 nm. Solid samples (crystalline powders) were measured as dispersions in a thin layer of polyfluoroester oil (ABCR GmbH) placed between two 1 mm quartz plates. All emission spectra were corrected for the wavelength-dependent response of the spectrometer and detector (in relative photon flux units). Emission decay traces were recorded by connecting the photomultiplier to an oscilloscope (typically via a 500 Ohm load) and using a N 2 -laser for pulsed excitation at 337 nm (∼2 ns, ∼5 μJ per pulse). N-CH-N (2) . Mesitylimidazole (1.12 g, 5.37 mmol) and phenylpropargyl bromide (2.30 g, 11.8 mmol) were dissolved in acetonitrile and heated to reflux for 48 hours. After cooling to ambient temperature, the solvent was removed under vacuum. The residue was washed with thf to obtain the product as a colourless solid. Yield: 2.29 g (>99%).
Single crystals suitable for X-ray crystallography were grown by slow diffusion of diethyl ether into a saturated solution of 2 in dichloromethane. 1 [{1-Mesityl-3-(3-phenylprop-2-yn-1-yl)-imidazol-2-yliden}-{gold(I)chlorid}], [NHC1)(AuCl)] (3). Route A: A suspension of 1 (300 mg, 0.78 mmol, 1.00 eq.) and Ag 2 O (1.1 eq.) in dichloromethane was stirred for 96 hours under the exclusion of light. The resulting mixture was filtered through Celite onto solid [AuCl(tht)] (252 mg, 0.78 mmol, 1.00 eq.), whereas the residue was further extracted with dichloromethane (25 mL). The mixture was stirred for two hours and again filtered through Celite to obtain a yellowish solution. After concentrating the solution under vacuum to a total volume of ∼2 mL, the product was precipitated with n-pentane (25 mL) as a colourless solid, which was filtered off and dried under vacuum. Yield: 327 mg (78%).
Route B: Imidazolium salt 1 (200 mg, 0.59 mmol, 1.00 eq.) and [AuCl(tht)] (190 mg, 0.59 mmol, 1.00 eq.) were dissolved in dichloromethane and stirred for 15 minutes. Then finely ground K 2 CO 3 was added and the suspension was stirred for 3 hours. Filtration through Celite afforded a clear solution, which was concentrated to ∼2 mL. Addition of n-pentane or diethyl ether (25 mL) gave a colourless precipitate, which was further washed with n-pentane or diethyl ether (3 × 25 mL) and finally dried under vacuum. Yield: 293 mg (93%).
Single crystals suitable for X-ray crystallography were obtained by slow diffusion of n-pentane into a saturated solution of 3 in dichloromethane. 1 
Imidazolium salt 2 (200 mg, 0.52 mmol, 1.00 eq.) and [AuCl(tht)] (168 mg, 0.52 mmol, 1.00 eq.) were dissolved in dichloromethane and stirred for 15 minutes. Then finely ground K 2 CO 3 was added and the suspension was stirred for 3 hours. Filtration through Celite afforded a clear solution, which was concentrated to ∼2 mL. Addition of n-pentane or diethyl ether (25 mL) led to a colourless precipitate, which was further washed with n-pentane or diethyl ether (3 × 25 mL) and finally dried under vacuum. Yield: 282 mg (93%).
Single crystals suitable for X-ray crystallography were obtained by slow diffusion of n-pentane into a saturated solution of 4 in dichloromethane. m-Ph-H, p-Ph-H), 7.42- 7.35 (m, 3H, CH, o-Ph-H [1-Mesityl-3-(3-phenylprop-2-yn-1-yl)-imidazol-2-yliden(phenylethynyl)gold(I)], [(NHC1)Au(CuCPh)] (6). The NHC-AuCl complex 3 (200 mg, 0.375 mmol, 1.00 eq.) and phenylacetylene (0.12 mL, 1.12 mmol, 3.00 eq.) were ground together with KOH pellets (excess) for ten minutes. The greyish residue was extracted with dichloromethane (3 × 15 mL) and filtered. After concentration of the solution to about 2 mL, n-pentane was added to precipitate the product as a colourless solid, which was dried under vacuum. Yield: 199 mg (89%).
Crystallographic data (excluding structure factors) for the structures reported in this paper have been deposited with the Cambridge Crystallographic Data Centre as a supplementary publication no. CCDC 1059550-1059555.
